as early as 1992, China has abolished the license and quota controls over its steel imports. The elimination non-tariff barriers on steel imports is expected to take place by the end of 2005 (www. tdcrade.com) . Once the non-tariff barriers are removed, the role the governmental protection will become very limited. Within this context, how to compete against the global giants has become an urgent itinerary on the agenda of enhancing competitiveness of Chinese enterprises.
It was decided that one way to face the challenge was to merge and acquisition of the existing steel enterprises in order to benefit from the economies of scale and mitigate problems of repetitive production and inefficient uses of resource. Examples of these mergers and acquisitions included the taking over of China National Non-ferrous
Metal Corporation and Beijing Heavy Machinery Factory; the merger between
Baosteel and all other steel enterprises in Shanghai; Wugang with some enterprises along the Yangzi River. Moreover, two leading steel enterprises from North Eastern China, Anshan Steel and Benxi Steel are also planning to merge. It was agued, however, since most these mergers have been driven by administrative action, rather than by the enterprises acting in their own commercial interest and many enterprises being taken over were loss-making, the ability of these enlarged giants to compete in the international market was under doubt (Wu, 2000 , Woetzel, 2001 , Nolan, 2001 ).
Estimation of China's steel import

Model specification and estimation
This section investigates the determinants of China's import demand for steel products by applying the traditional price-income model. Two hypotheses will be tested. First, a real depreciation in exchange rate is associated with increased domestic competitiveness; and second, an increase in industrial output is associated with a greater degree of "openness" of the Chinese economy reflected by the size of its import. To test these two hypotheses, this article uses the integration and cointegration tests to analyse the joint effect of the Chinese economic activities and the RMB's value on steel import of China. A co-integration relationship is to be established between China's steel imports on the one hand, the value added of industrial production and real exchange rate on the other.
1 Then, the effects of changes in the growth rate of the Chinese economic activities, the RMB's real value on the growth rate of the Chinese steel import are examined. The short-run and longrun dynamics of this relationship are analysed by estimating the error correction model.
There was a large amount of literature on the import demand modelling in general.
Most researchers have used either a linear or log-linear functional form. It has been noted that the choice of the functional form is not important because it was principally made in accordance with statistical convenience (King, 1993) . We thus decide to use the traditional price-income model for our analysis. In this model, the quantity of steel import demand from China is assumed to depend on the relative prices of the steel,
i.e., the ratio of import price and domestic price of the commodities expressed in the same currency and the economic activities of China. The general functional form of estimating China's steel imports is given as follows:
where M t is the quantity of China's imports in time period t, Y t is China's real value added of industrial output, ER t is the relative price of steel import prices relative to its domestic prices measured in RMB, i.e. real exchange rate in terms of RMB per US dollar unity. An increase of ER means a real depreciation of RMB. Consequently, China's steel import from the world is more expensive.
The calculation formula of ER t is the following:
Where EN is nominal exchange rate of RMB per unity of U.S. dollar, P t f is China's import price of steel, P t d is the steel price in Chinese domestic market. Thus, the calculated ER is the real exchange rate in the steel sector.
Following Boylan and Cuddy (1987) and Tabmi (1998) , elasticity coefficients are obtained by estimating a log-linear form of equation (1) as follows:
1 Due to the difficulty of obtaining monthly data on China's GDP, the industrial production is used as the proxy of China's economic activity in this study.
where β 0 is the intercept, β 1 is the elasticity of demand for import steel and β 2 is real exchange rate elasticity for import steel, and µ t is a stochastic disturbance term.
It is expected that the increase of industrial production will stimulate China's imports of steel from the world, thus, β 1 is expected to be positive and it is referred to as income effect. The sign of the real exchange rate elasticity of demand is expected to be positive, i.e., β 2 <0. This is because a real depreciation of RMB against US dollar would mean more expensive steel imports, the import of demand for steel would therefore decline.
Estimation method
To estimate the above equation, we should know firstly whether there exists a stable long-run relationship between the level of the Chinese steel imports, the Chinese economic activities and the exchange rate between Chinese RMB and the US dollar.
If this stable long-run relationship could be established, it may be possible to make quantitative inferences about the anticipation of future steel imports from the observation of changes in economic activities and real exchange rate of RMB. Cointegration test is used to test this long-run relationship is this paper. The necessary condition for using this co-integration technique is that the Chinese steel imports, economic activities and real exchange rate may not be stationary at an absolute level, but could be stationary at the same differenced level. They should have the same inter temporal characteristics in order to build their long-run equilibrium relationship to avoid the problem of spurious regression. Consequently, we test firstly the stationarity of the steel imports, economic activities, and real exchange rate, then analyse if it exists long run and short run relationships between them.
Integration tests
The dynamic characteristic of these series can be expressed by how many times they need to be differenced to achieve time-invariant linear properties and to provide a stationary process. These variables are defined as first difference if they need to be differenced one time to become stationary, or of order zero if not 6 differencing is needed. The order of their integration can be obtained by Augmented
Dickey-Fuller test (ADF).
The classic statistic tests of ordinary least square regression are not valid here, because the statistical limited distributions are not standard if the variables are not stationary. We will use the critical values calculated by MacKinnon (1991) for ADF test. Indeed, MacKinnon has implemented a much larger set of replications to permit the calculation of Dickey-Fuller critical values for any sample size.
Co-integration tests
If the Chinese steel imports, its economic activities and real exchange rate are separately integrated of first difference, the cointegration, first proposed by Granger (1981), Engle-Granger (1987) and extended by Johansen (1988) , can therefore be applied in order to see if there exists one special long-run relationship between them and to specify the dynamic of an error correction model.
The Chinese steel imports are defined to be co-integrated with its economic activities and real exchange rate if these temporal series have the conjoint movements so that they verify approximately one long-run relationship. There exists therefore one linear combination between them in levels so that the residual (unexplained error) of regression of the Chinese steel import on its economic activities and real exchange rate is integrated of order zero. This is a rather special condition, because it implies that there exist some extremely important long-run components between them.
However, in forming their residual these long run components cancel out. The cointegration of the Chinese economic imports with its economic activities and real exchange rate translates therefore the fact that their linear combination does not move away much long time to their average despite that they have tendancial movements.
The ADF cointegration test are inefficient when there are more than two variables under consideration, as in our case. In fact, these tests are sensitive to the specific choice of the endogenous variable on the left-hand side of the equation (Dickey et al., 1991) . They also ignore the possibility of more than one cointegration vector when more than two variables are included in the analysis. Finally, they impose an implicit common factor restriction. If the latter is invalid, then the tests lose power (Kremers et al. 1992; Banerjee et al., 1993) . Taking into account these shortcomings, we decide to test the cointegration hypothesis by the more powerful Johansen approach (Johansen & Juselius, 1992) . The Johansen procedure is based on maximum likelihood estimation of a vector autoregressive (VAR) system. Given a 3 × 1 vector of variables X t = ( lnRM t , lnY t , lnER t ) -⎯ the logs of the Chinese steel imports in quantity, real economic activities, real exchange rate of Renminbi, and considering a VAR model of order 3, with Gaussian errors, we obtain : Xt = C + π t-1 X t-1 + π t-2 X t-2 + π t-3 X t-3 + µ t Where:
C is an 3 × 1 vector of constants or drift terms µ t are white noise errors with covariance matrix >0 t=1...T.
Be re-parameterizing, the VAR can be rewritten as a reduced-form errorcorrection model (Johansen , 1988 ; Banerjee et al. 1993) as
The vectors ⎡ i consist of short-run parameters which capture the disequilibrium features of the data and the matrix π contains the information on the long-run relationships corresponding directly to the equilibrium relationships. Therefore, the cointegration analysis can separate long-run equilibrium features of the data from their short-run dynamics.
The cointegration test involves determining the rank of the matrix π, which corresponds to its number of nonzero eigenvalues. In the situation where the components are non-stationary and integrated of order 1, the rank of the matrix π determines the cointegration properties of X t , that is the number of cointegrating vectors in the system. Three different cases of the rank (r) of the matrix π can result and are of particular importance.
(1) if r = 3, that is the matrix π has full rank, this implies that all the variables in X are stationary; (2) if r = 0, that is the matrix π is a null matrix, this implies that no cointegration vectors exists because all linear combination of X are I(1); if 0 < r < 3, that is, the matrix π has a reduced rank, then there are (n-r) linear combinations of X that act as a common stochastic trend, and r cointegrated linear combinations.
So, the hypothesis of the cointegration is formulated as the hypothesis of reduced rank of the coefficients matrix π. The latter can be decomposed as: π = αβ' under the Johansen ML procedure, where β is the 3 × r matrix of cointegrating vectors (each raw is a cointegrating vector) and α is the 3 × r matrix of weighting elements.
The stationary relations αβ' are referred to as the cointegrating relations. The estimate of β' is obtained by solving an eigenvalue problem. As for testing cointegration, the Johansen approach is based on sequential likelihood ratio test of the null hypothesis of at most 3-r unit roots against the alternative of 3-r-1 unit roots. This "equilibrium" relation can be given in its more familiar form as equation 1 (ln denotes logarithm) as:
lnM t = a o + a 1 lnY t + a 2 lnER t
The second question to be examined is whether there exists an instantaneous adjustment in the changes in the growth rate of the Chinese steel imports to the changes in the growth rate of their precedent levels and economic activities and real exchange rate in the context of their equilibrium solutions. This draws upon the error correction specification which allows the long-run components of the Chinese steel imports to obey equilibrium constraints while their short-run components have a flexible dynamic adjustment. This specification is therefore suitable to explain the observed disequilibrium steel imports in the context of their long-run equilibrium imports. The reduced-form error correction specification can be written as ( ∆ represents rate of change of variable; ECM denotes residual of co-integration regression as lnM t =a o +a 1 lnY t +a 2 lnER t :
∆lnM t = b o +b 1 ∆lnRP t-k-1 +b 2 ∆lnY t-k + b 3 ∆lnER t-k +b 4 ECM t-1 + z with k = 0 ... n.
The co-integration test gives the "equilibrium" coefficient estimates. The error-correction model not only relates the instantaneous adjustments in the changes of the growth rate of the Chinese steel imports to the short-run changes of the growth rate in their precedent levels and in its economic activities and real exchange rate (impact effect), but also ties the changes of the steel imports to the residual of the precedent date at untransformed level through a feedback mechanism (long run effect). It permits therefore the combination of long run and short run information of the steel imports in the same model.
Data sources, econometric tests and economic results
We use monthly data for the period of October 1996 to December. Table 1 reports the results of integration tests of the Chinese steel imports, its economic activities and real exchange rate based on monthly data from October 1996
Results of integration tests
to December 2004. The ADF results permit to reject the hypothesis that all the series tested in untransformed data are stationary. On the contrary, they show that the rates of changes of the Chinese steel imports, its economic activities and real exchange rate are respectively stationary at first difference level. These results allow us to test if the Chinese steels are changed together with its economic activities and real exchange rate. which leads to the rejection of the hypothesis of no cointegrating relationship. The
Trace statistic of 38.52 also exceeds its corresponding criticalvalue of 29.68 which is consistent with the result using the Max-lambda statistic.
We now move on to testing the null hypothesis that the rank is 1. In this instance however, the Max-lambda statistic of 4.91 is smaller than the critical value of 14.07
and we cannot reject the null hypothesis. The Trace test leads to the same conclusion.
Therefore, regardless of which statistic is used, we cannot reject the hypothesis that we have 1 cointegrating vector. Their coefficient estimates of "equilibrium" relations are given in table 2. The growth of industrial production is one of the main factors to explain the increase of the Chinese imports. The real depreciation of the RMB leads a decrease of the Chinese imports.
These results are therefore supportive of the hypothesis that the Chinese steel imports are co-integrated with its economic activities and real exchange rate and that there exist long-run co-movements between them. They imply therefore that economic activities and real exchange rate are the good indicators for explaining the movements of the Chinese steel imports. The estimated coefficients of our reduced-form error-correction specification allow for a clear interpretation of dynamic process. The first feature to notice from the simplified estimated dynamic model is that the error correction term of the precedent data (MCE t-1 ) is statistically significant. This well-defined term indicates a feedback of approximately 16 % of the previous year's disequilibrium from the long-run economic activities and real exchange rate of the Chinese steel imports. The strong significances of the coefficients of MCE t-1 support our earlier conclusion that the steel imports are cointegrated with its economic activities and real exchange rate.
The second feature to indicate is that the changes in the growth rate of the steel imports resulting from the changes in the growth rate of its economic activities tend to produce sharp import movements. The t-student test value for the economic activities is very significant at 1% level.
The third feature to explain is that the changes in the growth rate of real exchange rates of RMB have an impact on the changes in the growth rate of steel imports. The econometric analyses confirm the impact of exchange rates on the steel imports. The immediate import pricing reactions may be due to that the importer countries buy immediately commodities in world markets.
